The h-index -the value for which an individual has published at least h papers with at least h citations -has become a popular metric to assess the citation impact of scientists. As already noted in the original work of Hirsch and as evidenced from data of a representative sample of physicists, √ c scales as h, where c is the total number citations to an individual. Thus √ c appears to be equivalent to the h index. As a further check of this equivalence, the distribution of the ratio s ≡ √ c/2h for this sample is sharply peaked about 1. The outliers in this distribution reveal fundamentally different types of individual publication records.
PACS numbers: 02.50. Ey, 05.50.+q, What is the best way to assess the influence of scientific publications of individual scientists? Traditionally, this assessment has been based on the number of publications of a scientist or the total number of citations received. However, in any creative endeavor, such as physics research, the total amount of output is not necessarily the right metric for productivity. In fact, L. D. Landau himself[2] kept a list of physicists that were ranked on a logarithmic scale of achievement.
Recently, Hirsch [1] introduced the h-index that attempts to capture the overall impact of an individual's publication record researcher by a single number. The total number of publications can be misleading because an individual could simply publish a large number of worthless articles. Conversely, the total number of citations could also be misleading because an individual might publish a single highly-cited article in a hot but transient subfield but then nothing else of scientific value. Such a citation record may not be valuable as that of someone who steadily authors good publications that are reasonably cited.
The idea underlying the h-index is that an equitable integral measure of citation impact is provided by the value h, such that an individual has published at least h papers with at least h citations. It is obvious that the h-index of a prolific author of trivial publications and that of a researcher with a single great publication will be much less than someone who publishes good papers at a steady rate. Because of its obvious appeal, the h-index has become a universally-used metric of overall citation impact. As one example of the prominence of the hindex, it is immediately quoted in Web of Science citation reports [3] . Moreover, the original idea of the h-index has spawned various of efforts to make the h-index more "fair" [4] by correcting for some of the obvious biases that are part of the citation record, such as many co-authors, self-citations, role of thesis advisor, etc.
However, as noted by Hirsch in his original publication [1] , the h-index of an individual should scale as the square-root of the total number citations to this individual. This square-root scaling arises in the most simple model of citations in which an individual publishes papers at a constant rate and each publication is cited at a constant rate. As a result, the total number of citations grows quadratically with time while the h-index grows linearly with time, i.e.
√ c scales linearly with h. Here, we test this observation for a representative sample of 255 condensed-matter and statistical physics theorists in North America and Europe. The data was obtained by starting with the names of well-known condensed-matter and statistical physics theorists and looking up their citation record in the ISI Web of Science. By scanning at the author lists of the top-cited publications of these initial authors, the initial list of authors was extended to their main collaborators, and then to collaborators of collaborators, etc. After about 250 people, it became difficult to find new people or people who could be unambiguously resolved in the ISI database with the limited knowledge of the author. Primarily because of limited personal knowledge, the dataset also under-represents junior people. Moreover, because the Boston University institutional subscription for ISI extends only to citations after 1973, individuals who began publishing before this year were excluded to avoid the use of incomplete citation data for their publications. The data were gathered during a twoday period January 30-31, 2010 between updates of the science citation index database.
If √ c scales linearly with h, then a plot of these two quantities should yield a straight line. Fig. 1 illustrates this behavior for all the individuals in the dataset. To highlight the outliers to the linear behavior that will be discussed below, Fig. 1 actually shows c versus 4h 2 . A linear least-squares fit to all the data of √ c versus 2h gives a best fit value of the slope s ≡ √ c/2h of s ≈ 1.045. The data therefore suggest that √ c is essentially equivalent to the h-index, up to an overall factor that is close to 2. As a further test of the linearity of the dependence of h versus √ c, the quantity s = √ c/2h is computed for each individual in the dataset of 255 physicists and the resulting distribution, P (s), is shown in Fig. 2 . This distribution is fairly symmetric and most of the data lies within the range |s − 1| < 0.2. The tightness of the range of s again suggests that the relation √ c = 2h accounts for most of the citation data.
The outliers in the distribution P (s) with s < 1 and with s > 1 are particularly interesting. In the scatter plot of c versus 4h 2 in Fig. 1 , consider first the outliers with s < 1 -data points that lie below the diagonal. As illustrated in table I, the citation patterns of best-cited publications for the individuals with the smallest ten values of s are remarkably similar even though the h indices of this group of researches ranges over a factor of more than two. In particular, the difference in the number of citations of successive top-cited papers is relatively small in all cases. For example, the ratio of the number of citations to the top-cited and third-cited paper for each individual is in the range 1.025-2.072.
For the twenty individuals with the largest values of s, the citations patterns are also quite similar within this subpopulation. Almost all have one (or a few) papers whose citations are a substantial factor larger than their second-ranked paper. For example, the largest ratio between the number of citations of the top-cited and thirdcited paper is now 10.03. This wide disparity arises because each individual in this subpopulation (co)-authored one (or a few) famous publications whose citation frequency outstrips the remaining publications. Among the individuals that (co)-author these famous publications, there are three clearly-defined situations: (i) individuals that wrote a ground-breaking publication on their own or were the driver of publication with a junior co-author, (ii) those that collaborated with a more senior author in a famous publication, and (iii) those whose famous publication was a particularly timely or authoritative review article. One basic conclusion from this study is that the squareroot of the total number of citations that an individual receives very nearly coincides with twice his or her hindex. A still an open question is why should √ c provide the same integrated measure of the breadth and depth of an individual's citation record as the h-index itself.
A second conclusion is that it is possible to identify outstanding researchers as the outliers above the diagonal in the scatter plot of Fig. 1 . While there are roughly the same number of points below the diagonal as above the diagonal, the above-diagonal points with roughly 9000 citations or greater are visually prominent and correspond to individuals with seminal publications. This simple characteristic appears to provide a useful predictor of research excellence.
A final caveat: while the outliers discussed here correspond to researchers with excellent publications to their credit, there are many examples of excellent researchers that do not fit this outlier criterion. It is important to be aware of the limitations of using citations alone, or some function of the number of citations, as a measure of research excellence.
